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TELWtTNKEN GeSELLSCHlAPT PtTB 

jiiLc^HTXrOSE Tbuegbaphxb 3£*B.H.y a Com- 
pany recognised under Gherman laws, of 
76, Gfxittinger Clian^aee, HanoTjeo:, Ger- 
many, do hereby declare the mTcntion, 
for which we pray that a patent may he 
granted to us, and the method hy which it 
is to he pBifonned, to he particularly 
dearrihed in and hy-the following^ state- 
ment : — 

This invention relates to multi- channel 
pulse commiinication systems of the kind 
in which intelligence is conveyed hy 
modulated impiilseS;, the impulaea appro- 
priate to each intelligence channel being 
timespaced and occurring in the spaces 
between those appropriate to the others. In 
such a system, supposing there are n intel- 
ligence channels there ia first produced a 
20 pulse sequence (the summation sequenc^e) 
of pulses ^ occurring at a frequency nf 
(where / is the pulse frequency of each 
intelligence channel) and, by some suit- 
able method of pulaes for the various in- 
telligence channels (pulses JSTo. 1, nn-l, 
3n + l . . . and so on for the first chan- 
nel; pulses N"o» 2, n+2j 2n + 2 - . , and 
so on for the second channel , . . > 
separated and passed to n circuits 
where they are intelligence modu- 
lated, demodulated or changed in 
modulation as may be required. In the 
case of a transmitter, the pulses, after 
m^idulation are all combined in n single 
impulse channel (a pulse ^mnniation 
channel) and transmitted e,g, on a deci- 
metre carrier wave. The reciprocal pro- 
cess occurs at reception the received im- 
pulse summation channel being first split 
into the component intelligence channels 
thus to reproduce the original n impulse 
intelligence channels for demodulation. 

There ai^ many known me^tShods for 
*>fepting the necessary separation of the 

IPrice 2/8] 



intelligence channel pulse aequences from 
the summation channel sequence at the 
transmitter or at the receiver. Pot 
example motor driven channel distribu- 
tor switches with rotors driven in ayn^ 
chronism with the impulse sequence fre- 
q^iiency Lave been used to connect the 
summation impulse circuit sequentially 
to tlie intelligence channel circuits at the 
proper times. Mechanical switches are, 
however, not suitable for speech or indeed 
for other than more or less simple tele- 
graph ayatems. Accordingly so-called 
electron beam switches have bejeai pro- 
posed for use as distributors but these are 
complex and costly and difficult to time 
correctly. Other proposals e.g. the usa of 
ao-called ring counters of the valve type, 
are costly requiring a great many valves. 

It has also been proposed to eSect sepa- 
ration^ with the aid of phase-displaced 
sinusoidal voltages of single (intelligence) 
channel frequency superposed on the sum- 
mation channel additively or multiplica- 
tively. This method however is only aatis- 
f actoiy in the case of impulses with rela- 
tively low impulse sequence frequency. 
Higher impulse sequence frequencies, suoli 
as are need in^ connection with multi- 
signal transmission systems with channels 
closely spacetl in time, require the use cf 
a sinusoidal voltnge of too large an ampli- 
tude. 

The present invention seelrs to provide 
improved means of separation without 
the defects of the known proposals. In 
spite_^ of considerably lower cost, the in- 
vention gives bigh stability and relia- 
bility as good as and in some circum- 
stances better than those of complex valve 
circuits. As will be seen it is possible by 
the invention to, effect separation from the 
impulse summation channel without 
using any valves at alL 
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The luveiifion caJi.si^ts essentially iu 
superimposing-, either <imultaiienusiy _ di" 
in steps, at least tvro perifulic ^eleftioii 
Toltag^ea of dilfereut frequency <ni tbe 
5 summation sequence. The wiive^ iorin aiul 
amplitude frequency and relative phases 
of these periodic selci'tion voltajies are so 
selected that the ^.-urve of the re^ultnut 
Tjfiive has a more or less flat top from 
10 whic^h 0 pul^^e to he separated })r(ijej-t<, 
fulUugf away fairly steeply on hr»th sitlej^ 
of the top where it i^^ of ^uch amplitude 
as to facilitate .-separation of the prfijei-t- 
iii**- pulse by amplitude selectimi. 
15 The same selection volto^re.^ are -^uiT- 
ablv phflse displaced and used for the 
jielection of a plnrolify nf impulse 
sequences from the impulse sumtnatioii 
r-hannel; this is done hy phase ^shifting' the 
20 selection oscillatitms produced for one 
channel to make them iitilisahle for the 
selection of another channel or Kif»"P ""f' 
channels. For this purjiose any known 
phase shifter aiTanjiement-* caii he u^ed. 
25 The simuhanenns or ^uccessiA^e l omhina- 
ri{>u of periodir- selection frequencies and 
suTUUiation cliauiiel pul-^e?! <-an be done by 
a multiplicative nrethod, for example 
with the aid of volves, or by an additive 
method. 

It is verv advantageous to use sinusoi- 
dal oscillations as the periodic selection 
voltages. Preferably the lowest frequency 
oscillation is a sinusoidal oscillation of 
frequency equal to the impulse sequence 
frequency of an iutelligeneb chauuei {ur 
a ijronp of uhanueis; anU higher frequency 
selection o:icillations are made integ-rai 
multiples of said impulse irequeucy ui 
one clianneL The hig'lier frt^queiicy oscii- 
lutions can also be !saiJ.usoidai osciiiaxions. 
but otlier wave forms can be used. 

The resulting- combined voltage wave 
1ms a more or less steep sided wave form 
dependinfi; uu the number of harmonics 
used and this much increases the taciiity 
of amplitude selection ot the pulses and 
therefore enables higher impulse sequence 
freciueneies to be Imndied. Even when 
using only two sinusoidal volrage> the 
result, is much impi-oved as compared \i> 
the use of onlv one seleetiou frequency ui 
equal amplifucle. For the same rea=5on tiie 
combined voltage wave anipliTmie i-un be. 
made low with eonsequenr reduced 
liability fo disturbance by unaviodaoie 
volttig-e fluctuations. , , . , 

It is often better to e^eet the seiecTion u l 
individual intellig'ence impulse clionnejs 
fiO from the impulse sequence of the summa- 
tion channel in succes.sive steps instead of 
in one step. Especially is this so when, for 
practical reasons, a separation of groups 
of intelligence channels into a channel 
65 group of small summation impulse tre- 



quency is advisable, the modulation or 
demodulation of the individual intelli- 
^eiioe channels beings carried out by 
separation of the said individual channels 
from a *^roup. In smOi cases the impulse 70 
sequence of the summatiojt frhannel, for 
example when usijig only two selection 
voltag'es, is superposed first only with a 
mean selection frequency lying' between 
tlie summation channel freqne^icy and an 75 
individual intellig-euee trhanuel frequency 
and the group r5umniat]i>n channel result- 
ing therefrom (ot mean impulse sequence 
frequency i is then siiperpo-^ed in a furvJier 
step with a selection oscillation corres- 80 
liouding to one individual intelligence 
channel frequency* This vvjU lie unu'e 
fully explained later. 

The invention is illustrated in and fur- 
ther explained in connecticm with the 85 
ar'f.-onipunying drawings. 

The method employei] by the invention 
will first be described in rather more 
detail for the simple cast? where only twn 
sinusoidal voltag^es of different frequem-y 90 
are used. Kef erring to tigure 1 the second 
and thirrl lines represent two sinusoidal 
selection oscilhitions /; and r '^hnwn in con- 
ventional manner with vidtage agaiii'^t 
time. The top line is a regular sequence 95 
of tiuie spaced impulses '/ for eight 
olmnneis numbered 1 to 8. The fourth line 
represents the summation fl of the eurvtvs 

h and c and it will l>e seen that f*urvt* 
d rises above a threshrdrl vtilue e at regular 100 
intervals — as drawn wlien the impulse-s 
proper to channel -3 occur. Accordingly 
an impulse sequence of imjiulses g8 f^iin 
be separated and subjecred to suitable 
juodulation for intelligence i)uri)oses» 105 
Thus, for example in a multiplex eif^Jit 
channel system 64,000 iijixmlses J)er 
second might be prr>duf'ed at the trans- 
jnitter and, by the foregoing metliod, 
eight impulse sequen<-es for tlie eight 110 
signal channels are isolate*!, separately 
modulated, time-stepped and transmitted. 
In reciprocate fashion tlie eight impalstJ 
sequences can be again separated froni tlie 
received impulse sequence nt the receiver 
and the individual signals re-obtained. A 
comparison of tlie curve // with a corrt^-^- 
ponding individual selei-ticui rKj-illati<m 7>, 
indicated in brrdxen line'^ oi* the right 
hand side of the fourth line in figure 1 120 
makes evident the considerable advantage 
of the use nf two selection o^idllations in 
steepening the slope of the eurve. This 
advantage is still nnm* marked in n trans- 
mission system with a still hig}l^^r number 125 
of channels, for a^* the number of chan- 
nels increases the impul«*es f-ome closer 
togetlier and are therefore more difficult 
to separate. For example, if ihere wer-* 
34 channels each with an imimlse fre- 130 
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qiieiicy of 8,000 pukes per second the im- 
pulse frequency of tJie summation eliannel 
would be 192000 pulses per second and 
therefore the distance betVeen two a^dja- 
5 rent pulses would be only 1 / igjJOOOths of 
a second i.e. in terms of the selection 
oscillation of 8 Xc/s, a phase angle of 
only IS''. In this time an 8 Kc/s >sinu™ 
soidal voltage amplitude falls from its 

10 maximum by ^ only 3.4% and separation 
therefore requires a very hig-hly constant 
threshold voltage and even so 'only very 
small amplitude impulses can be used. If 
hoTvever, two selection oscillations of 8 

15 Xc/s and 48 Kc/3 are used with the vol-. 
tag-e proportion selected "at about 0.68/ 
0.32, the combined or summation ampli- 
tude will drop (at the same point of time 
considered) by 32% so that the tops of 

20 the appropriate pulses will be similarly 
separated in amplitude. Therefore the 
summation volt-age of the selection oscil- 
lations can be much lower (for example 
about 1/lOth of the case where only one 

25 frequency is used) or eorreapondingly 
larger amplitude puLses can be used. The 
invention is easily applicable to still 
higher numbers of channels, for example 
96 and more. The attainable accuracy of 

30 selection rapidly increases {owing- to in* 
creasing steepness of the curve of the 
composite selection wave) with increase 
in the mimher of different selection oscil- 
lations simultaneously used to produce 

35 that wave — assumiag, of course, skilful 
selection of the individual frequencies and 
rtmplitudea* 

In figure 2 is a highly aimplified dia- 
gram oi an arrangement operating as dea- 

40 cribed and usincf only two selection fre- 
quencies. The selection oscillations h and 
o and the impulse sequence a are fed 
through transformers Tp, T^, with their 
secondaries in series with one another and . 

45 with a rectifier Ge to which threshold 
voltage bias -he is applied at the terminal 
so marked. Only those impulses which ex- 
ceed the bias + e are passed by the rectifier 
Gre and these form the impulse sequence ,g 

50 which alone passes to the transformer Tg. 
The pulses o£ this sequence are signal 
modulated by modulating voltage m sup- 
plied throu_gh transformer Tm whose 
secondary is in series with a voltage 

55 biassed rectifier Qna- The resultant ampli- 
tude modulated pulses as represented at 
are taken off from aoross resistance H. A 
similar arrangement is provided for tak- 
ing otf earh channel sequence of pulses 

60 (from the original total pulse sequence) 
and modulating the pulses of that chan- 
nel. The output resistance may be com- 
mon to all the channels from which, will 
therefore be derived a modulated suinma- 

65 tion channel conaiating of a number of 



.separately modubite*! pulse channels. 

Similarly, at a co-operating ret;eiver the 
impulse sequences of the individual chan- 
nels are separated from the impulse se- 
quence of the incoming summation chan- 70 
nel. 

Additive or multiplicative summation 
of the various voltage components ran be 
attained by non-linear devices other than 
as 30 far described, e.g. electron valves 75 
(such as diodes, triodes, and multigrid 
valves). The addition of the individual 
voltages as in figure 2 by means of trans- 
formers is only one example* 

Transformers and coupling elements 80 
used in arrangements in accordance with 
this invention may be common to several 
channels or may be omitted (depending 
on design) if undesired inter-channel re- 
action IS prevented or not present — e.g. 85 
where electron valves or eapaoitive 
bridged transformers of negligibly small 
inter-channel reaction are used. On 
account of the relatively small amplitudes 
of the selection oscillations and the fact 90 
that relatively large parallel capacita nces 
may be used on the secondary sides of the 
transfoimera, the liability to rross talk 
can be made very small and such elements 
may be common to severnl channels. Thus, 95 
by prop&r design, it is possible in a sysl 
tern comprising 24 channels each 'of 
8 Kle/s to use only two transformers for 
a selection oscillation frequency of 48 
Kc/a (a good practical figure to choose) 100 
with a phase displacement of m° to each 
other and each of which haa two phase 
opposed secondary windings. In this way 
four 48 Kc/s selection oscillations each 
displaced by 90' are made available, to 105 
which twenty four 8 Ka/s oscillations, 
eaph displaced by 15' and correspond- 
ingly fed through 12 transformers, are 
added, Accordmgly a total of only two 
valve generators and 16 transformers is 110 
necessary as against the minimum of 24 
valves which would, be required were a 
ring counter used. The increased relia- 
bility due to so greatly reduced a number 
of yalvea (aa well as the increased 115 
stability) is evident. 

The method of the invention is applic- 
able in much the same way to the trans- 
mitter aide as well as to the receiver aide 
of a system and the impulse modulation 120 
may take different forms as desired e.g. 
amplitude, width or phase modulation 
may be used. The invention lends itself 
especially to the provision of systems in 
which valve arrangements used for 125 
example for impulse generation, ampli- 
fication or alteration of the kind of modu- 
lation, are common to all channels or at 
least large numbers of channels. 

In carrying out the invention fre- 130 
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f|neu^-y iiiultiplit-rs (with tijeJr hl^h 
<fl^hilUy) may ^itJi rttlvaiitug-e he used for 
tilt* generation of tlie seler*t-ion nsrrillntion:* 
instentl of using' the less stable t'reriueiiey 

5 (livider.-^. The st^Wtiou osfillatifms <Mn 
iilso be generated iu automntic osHllntors, 
T\'hi(?h are pha^p-stabiU^t^d by the int- 
piilses. Freqiienry multiplication affords 
f-niL^idernble iidvantii^^es as against fre^ 

10 qiienr*y division wlien u:ied in ponjunrtinn 
with the selef-tion method ilhistroted. 

The superposition of the different stder*^ 
tion A-olta^re^i with the impulse :=;eqiienee 
of the summation (dninnel ('nrried out in 

15 r;u(-*oes5iive ^^teps if^ orinphictilly illustrated 
in fi«rure again for the f^a.^e where only 
two •sinusoidal voltagres of different fre- 
qneney are u^^ed. The inipnli^e sequence a 
for r-lianneli^i 1 to 8 are ftrsit superposed 

20 on the i^inusoidnl vrdttige h of higher fre- 
queney resultinp- in the summation volt- 
ixfi^ ^'i As will hti seen this perindieally 
esf-eeds a suifaWv selected voltiiqre threfih- 
hold e, at timeS^ sufh that the impulse 

25 sequeuee f?a<T (ronsistiufi' of the sequeiif-e^ 
appropriate to two rhannels namely ehan- 
nel 3 find channel 7> is sepai-flted fi-om the 
summation rhftnnel a, Tlie siinie method is 
then used for the sex>aTation of the indi- 

30 vidua 1 channel quences for channels 
uml 7 from this impulse sequence. The 
impulse sernienee ^"^.r i?^ supeidmposed on 
sinusoidal voltajie fl ^*or responding ^to 
one of the individual channel frequencies 

35 (that of channel :3 as illustratedi to give 
the voltage wave /, from whirl) the im- 
pulse sequemre g:3 (channel '^i is separated 
l)y the aid of a second threshold A'oltage 
e-, for application to a modulator, demodu- 

40 lator or modulation converter dependin": 
nn the subsequent use and whether the 
ease ia one of transmission or reception. 

The selection oscillations h and /7 must 
of course always be sn chosen that their 

45 frecpieiicie^ correspond to the appropriate 
individual chnnnel frequency or an inte- 
irral multiple thereof and should be such 
that their curves rise steeply -^o that at the 
i)7upli+ude limitation of the summation 

50 vrdtaire. Interference impulses are not 
lilcely to exceed the threshold voltage used 
for selection - By choice of sTtfficiently hijrh 
frequenr-ies ami careful maintenance of 
f-orrect phasinpr excellent results are 

55 -ittainahle. There is indeed some advan- 
tau'e in the method of fig'ure as compared 
with the simultaneous superposition of 
the component voltasr^j ^'fi;l^Tre I'k situ-c 
the separate adjustment and control of 

50 the correct phas« ^wsition for the various 
sinusoidal o.scillations cnn be effected with 
ie*s expenditure and trouble than is neces- 
sary for phase displacement and adjust- 
ment of an often very complex compo<^ite 

65 voltage wave consisting- of several com- 



poneiil oscillniious {fl in figure j>. 

A further advantage of the method of 
Jijrure =1 can be seen by a comparison of 
fij^ures 1 and "2. Whereas in figure 1 the 
threshold volrag-e e must l>e at least equal 70 
in amplitude to tiie main maximum of 
the criniposite voltafje resulting' from the 
superposition of the two sinusoidal vol- 
taj^es h and r. in fifajure the threshold 
voTrag'e ne*^d only be equal to the ampli- 75 
rude of the sinusoidal vr)lta^jre superpiisetl 
at the time with the impulse sefjuence and 
this is ronsidenibly lower fin the present 
example, about halt). The voltu^re limi- 
tatiim is cturled nut, it is true, in several 80 
steps (in the present exauiple in tw<-j steps') 
bur the voltag-e load on the rectifier effect- 
ing separati(m is dropped to a correspond- 
ing- fraction (in the present exam]de 
;ibT>ut half). ^ 85 

Fiprure 4 shows, in simplified manner, 
a circuit for carrying out the method of 
ti*?ure ^i. The impulse sequence n and the 
.selectiou oscillation h are fed throu«*-h 
transformers Ta and Th to a circuit con- 90 
taining a volt-ag'e luused rectiiier Gej. 
Only the impulses of the sequence ga,? in 
the summation voltage r wliich exceed tbe 
threshold -f- e^ determine*! by the^ voltage 
bias on this rectifier pass the rectifier fxej 95 
and are therefore trunsmittetl by means 
of the transformer Tgi to a circuit con- 
tainiug: the rectifier (le^. The second selec- 
tion oscillation rf is fed in to this circuit 
throurfi the transformer Tc and further 100 
amplitude limitation of i'he summation 
voltage / is effected hy a rectifier rre^ 
whioh is voltage biassed hy \-oltage -ten. 
Thus only the iminilse j^equeuee gj con- 
taining the channel impulses is trans- 105 
juitted to the modulation circuit b^- means 
fif the separation transformer T^ and is 
amplitude modiilateil by the modulation 
rec+ifiGr Gm which the modulation vol- 
ta'^'e is supplied thrnuffh the transfor- 110 
mer Tm,^ 

A similar arrangement is necessary in 
a multiplex system for each impulse 
channel to be selected* A< in the case of 
figure 2, however, the output resistance R 115 
can be common to all the channels and 
here alao several transformers or coupling 
elements can be common to different chan- 
nels or he omitted altogether if inter- 
channel renction is otherwise prevented, 120 

What we claim is: — 

1. A multi-channel modulated impulse 
signal communication a]iparatus wherein 
each intelligence channel utilises a 
sequence of impulse^ and the impulses arc 125 
all combined in an impulse summatioTj 
channel from which the pulses of the 
separate intelligence channels must he 
separated for modulation, demodulation 
or other use characterized in that for the 130 



BNSDOCID; <GB. 



7l7075A_t_> 



717,070 



5 



separation of eacli inteiUgence clicjt.imel 
tte impulse afiquence o£ ilie summatioji 
chaimj is combined with at least two 
periodic selection voltages of dii3:erent fre- 
5 quencies either aimultaneoualy of in atepa 
first witli one of said voltage and iiien of 
tke resTilta^it with another to produce a 
composite wave with relatively flat tops 
from which the appropriate intellig-ence 

10 chaimel impulseB project and which recur 
periodically at the impulse frequency of 
and substantially in phase with the im- 
pulses of the intelligence chaimel to be 
separated, the same periodic voltagea^ 

15 suitably phase displaced, being used for 
the separation of a plurality of intelli- 
<?ence channels the wave form being of 
relatively steep curvature on both sidea 
of said relatively flat topa, so that the pro- 

20 jecting intelligence channel impulses can 
be separated by amplitude selection. 

2. Apparatus as claimed in claim 1 
wherein the combination ia efl:ected addi- 
tively* 

25 3* Apparatus as claimed in ulaim 1^ 
wherein the combination is efiected multi- 
plicatively. 

4. Apparatus as claimed in any of the 
preceding claims, wherein the periodic 

30 selection voltages are sinusoidal oscilla- 
tions, 

5. A.pparatus as claimed in any of the 
preceding claims, wherein the frequency 
of one of the periodic selection voltages 

35 is chosen equal to the impulse frequency 
of an intelligence channel (or of a group 
thereof)^ and the others are (^osen as in- 
tegral multiples thereof. 

6. Apparatus as claimed in anv of the 
i)reeeding claims, wherein peidodic selec- 
tion frequencies are obtained by frequency 
multiplication or division from the irn- 
Ijulse frequency of an intelligence chan- 



nel (or of a group of channels^ or are syn- 
chronised by said impulse frequency. 45 

7. Apparatus as claimed in claim 1, 
wherein amplitude selection is effected by 
transforming or coupling elements in 
association with biassed rectifiers, 

8, Apparatus as claimed in claim 8^ 50 
wherein transforming or coupling 
elements common to several channels are 
provided. 

9- Apparatus as claimed in claim 1 
wherein the combination is effected simul- 55 
taneously and the periodic selection vol- 
tages and the impulse sequence of the 
aummation channel are fed in through 
transformers having their secondaries in 
series with one another, with a unilater- 60 
ally conductive device^ with an output 
device and with a soui'ce of threshold 
voltage. 

10. Appai'atus as claimed in claim 1 
wherein the combination is ejected in 65 
steps and each step of combination is 
effected by a circuit into which the waves 

to be -combined are fed through trans- 
formers and which includes^ in serieSj the 
trnsformer aecondarieSj an xtnilaterally 70 
conductive device^ an output device and 
a source of threshold voltage, 

11. Apparatus as claimed in any one of 
claims 1 to 3, wherein each tap of a time 
delay circuit feeds into a mixer-selector 75 
whose second input consists of the pulses 

of the sximmation channel, the outpute 
from the mLser-^electors being subjected 
to amplitude selection. 

12-^ Apparatus substantially as herein SO 
descxibed with reference to the accom- 
panying drawings. 

HASELXmE, LAKE & CO., 
Agents for Applicants, 
28, Southampton Buildings, 
Chancery Lane, London^ 
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